In-Source Decay and Fragmentation Characteristics of Peptides Using 5-Aminosalicylic Acid as a Matrix in Matrix-Assisted Laser Desorption/Ionization Mass Spectrometry  by Sakakura, Motoshi & Takayama, Mitsuo
In-Source Decay and Fragmentation
Characteristics of Peptides Using
5-Aminosalicylic Acid as a Matrix in
Matrix-Assisted Laser Desorption/Ionization
Mass Spectrometry
Motoshi Sakakura and Mitsuo Takayama
Graduate School of Nanobiosciences, Yokohama City University, Yokohama, Japan
The use of 5-aminosalicylic acid (5-ASA) as a new matrix for in-source decay (ISD) of peptides
including mono- and di-phosphorylated peptides in matrix-assisted laser desorption/ionization
(MALDI) mass spectrometry (MS) is described. The use of 5-ASA in MALDI-ISD has been
evaluated from several standpoints: hydrogen-donating ability, the outstanding sharpness of
molecular and fragment ion peaks, and the presence of interference peaks such asmetastable peaks
and multiply charged ions. The hydrogen-donating ability of several matrices such as -cyano-4-
hydroxycinnamic acid (CHCA), 2,5-dihydroxybenzoic acid (2,5-DHB), 1,5-diaminonaphthalene
(1,5-DAN), sinapinic acid (SA), and 5-ASA was evaluated by using the peak abundance of a
reduction product [M  2H  H] to that of non-reduced protonated molecule [M  H] of
the cyclic peptide vasopressin which contains a disulfide bond (S–S). The order of hydrogen-
donating ability was 1,5-DAN  5-ASA  2,5-DHB  SA  CHCA. The chemicals 1,5-DAN
and 5-ASA in particular can be classified as reductive matrices. 5-ASA gave peaks with higher
sharpness for protonated molecules and fragment ions than other matrices and did not give
any interference peaks such as multiply-protonated ions and metastable ions in the ISD mass
spectra of the peptides used. Particularly, 1,5-DAN and 5-ASA gave very little metastable
peaks. This indicates that 1,5-DAN and 5-ASA are more “cool” than other matrices. The
1,5-DAN and 5-ASA can therefore be termed “reductive cool” matrix. Further, it was
confirmed that ISD phenomena such as N–C bond cleavage and reduction of S–S bond is a
single event in the ion source. The characteristic fragmentations, which form a- and (a 
2)-series ions, [M  H  15], [M  H  28], and [M  H  44] ions in the MALDI-ISD are
described. (J Am Soc Mass Spectrom 2010, 21, 979–988) © 2010 American Society for Mass
SpectrometryThe role of mass spectrometry (MS) in proteinsciences such as proteomics has become increas-ingly important due to its outstanding sensitivity
and rapidity. It is of importance to recognize that the
analysis of proteins using MS generally pertains to the
analysis of peptides obtained upon enzymatic digestion
of proteins. MS coupled to soft ionization methods such
as matrix-assisted laser desorption/ionization (MALDI)
[1–3] and electrospray ionization (ESI) [4, 5] have been
used to obtain qualitative information for peptide-mass
fingerprinting (PMF), amino acid sequencing and anal-
ysis of post-translational modifications (PTMs), and
quantitative information about protein(s) expressed
from a genome [6, 7]. The most valuable information for
protein identification including PTMs is the amino acid
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trometry and other MS degradation methods.
Of the mass spectrometric dissociation methods used
for identifying proteins, electron capture dissociation
(ECD) [8] and electron-transfer dissociation (ETD) [9]
coupled to ESI and in-source decay (ISD) coupled to
MALDI [10] have been noted from the standpoint of
specific cleavage at the N–C bond on the peptide
backbone because conventional methods such as
collision-induced dissociation (CID) leads to nonspe-
cific cleavage of the peptide backbone and the loss of
PTM functional groups [11]. The nonspecific cleavage
gives backbone cleaved fragments such as a-, b-, x-, and
y-series ions (Scheme 1 upper [12] and the loss of NH3
and/or H2O from those fragments, and furthermore,
the nonspecific cleavage complicates the analysis of
resulting spectra. In contrast, both ESI-ECD/ETD and
MALDI-ISD methods use hydrogen transfer to the
carbonyl oxygen on the peptide backbone with sub-
sequent radical-induced cleavage at the N-C bond in
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980 SAKAKURA AND TAKAYAMA J Am Soc Mass Spectrom 2010, 21, 979–988principle [13, 14]. As a result, both methods give c- and
z- or (z  2)-series ions (Scheme 1 lower) [13] without
the loss or degradation of PTM functional groups. The
resulting spectra are very simple and the analysis of
the sequences and PTM sites is straightforward.
Therefore, the use of ESI-ECD/ETD and MALDI-ISD
have been utilized as tools in the top-down approach
for proteomics [11, 15].
It is interesting that for ESI-ECD/ETD and MALDI-
ISD the hydrogen atoms play an important role in the
specific cleavage at the N–C bond. In the case of
ESI-ECD/ETD, the hydrogen atoms are generated
through the protons of multiply-protonated proteins
[M  nH]n being neutralized via an electron capture
reaction. This means that in ECD/ETD the N–C bond
cleavage occurs by an intra-molecular hydrogen trans-
fer. In contrast, the hydrogen atoms in MALDI-ISD are
produced from the active hydrogens (OH and NH2)
of matrix chemicals such as 2,5-dihydroxybenzoic acid
(2,5-DHB) [16] and 1,5-diaminonaphtalene (1,5-DAN)
[17] activated by the irradiation of laser photons. It is of
importance to recognize that hydrogen-donating ability
is a prominent factor for the function of matrix in the
MALDI-ISD. The hydrogen-donating ability can be
measured by studying the ability to cleave disulfide
bonds by reduction [17] or by using hydrogen scaven-
gers as recently reported by Demeure et al. [18]. They
reported a method for selecting the optimum MALDI-
ISD matrix suitable for top-down proteomics and that
Scthe order of hydrogen-donating ability was picolinicacid (PA)  1,5-DAN  2,5-DHB  sinapinic acid
(SA)  -cyano-4-hydroxycinnamic acid (CHCA). Of
these matrices, those that are practically effective for the
MALDI-ISD of peptides and proteins are 2,5-DHB and
1,5-DAN. These chemicals are reductive in nature. The
chemicals suitable for the MALDI-ISD of peptides have
to satisfy the following requirements:
1. Hydrogen-donating ability to allow the formation of
the radical species of peptides and/or proteins
(Scheme 1).
2. Efficient desorption and ionization of peptides to
form protonated molecules [M  H].
Although the above requirements are satisfied by both
2,5-DHB and 1,5-DAN, other matrix chemicals for
MALDI-ISD should be sought to allow further improve-
ments to be made and to address current shortcomings,
e.g., the appearance of interference peaks originating
from metastable decay and multiply-protonated mole-
cules when using 2,5-DHB and the appearance of clus-
ter ion peaks with 1,5-DAN together with its sublima-
tion properties and the background observed with its
use. Furthermore, the chemical 1,5-DAN is a type of
amino-naphthalene, which has carcinogenic activity
[19]. It is not recommended therefore to usually use
1,5-DAN as a matrix in MALDI-ISD from the stand-
point of its safety in human beings. With regard to a
search strategy for new matrices for MALDI-ISD, it is
1important to recognize that the site of active hydro-
981J Am Soc Mass Spectrom 2010, 21, 979–988 MALDI-ISD USING 5-AMINOSALICYLIC ACIDgens releasing hydrogen atoms from the matrices
may be the 5-hydroxy group in 2,5-DHB [16] and 1-
and 5-amino groups in 1,5-DAN [17]. Here we report
5-aminosalicylic acid (5-ASA) as a novel matrix suit-
able for the MALDI-ISD of peptides including phos-
phorylated peptides.
Experimental
Materials
Adrenocorticotropic hormone fragment 18-35 (ACTH18-
35, Mr 1979.1): RPVKVYPNGAEDESAEAF, mono-
phosphorylated peptide [pTyr6]-ACTH18-35 (Mr 2059.1):
RPVKVY(PO3H2)PNGAEDESAEAF, di-phosphorylated
peptide [pTyr6, pSer14]-ACTH18-35 (Mr 2139.1):
RPVKVY(PO3H2)PNGAEDES(PO3H2)AEAF, [Arg
36]-
ACTH18-36 (Mr 2135.3); RPVKVYPNGAEDESAEAFR,
ACTH19-36 (Mr 1920.0): PVKVYPNGAEDESAEAFP,
[Arg36]-ACTH19-36 (Mr 1979.1): PVKVYPNGAEDESAE-
AFR, [Arg22]-ACTH22-39 (Mr 2042.1): RYPNGAEDESAE-
AFPLEF, deuterium-labeled dodecapeptide (Mr 1433.6):
RLGNQWA(d3)VG(d2)DLAE, and [Arg
8]-vasopressin
(Mr 1084.2): CYFQNCPRG-NH2 were purchased from
peptide institute (Minoh, Osaka, Japan). The MALDI
matrices -cyano-4-hydroxycinnamic acid (CHCA), 2,5-
dihydroxybenzoic acid (2,5-DHB), 5-aminosalicylic acid
(5-ASA), 1,5-diaminonaphtalene (1,5-DAN) and sinap-
inic acid (SA) were purchased from SIGMA ALDRICH
(Steinheim, Germany). Trifluoroacetic acid (TFA) and
acetonitrile were purchased from Wako Pure Chemical
(Osaka, Japan). Water used in all experiments was
purified using a MilliQ water purification system of
Millipore (Billerica, MA, USA). All reagents were used
without further purification.
Figure 1. Positive-ion MALDI-ISD spectra of
(b) 2,5-DHB, and (c) 5-ASA. The insets repre
1450–1850. Asterisk indicates metastable peaks.MALDI-TOF MS
MALDI-TOF mass spectra were acquired on an
AXIMA-CFR instrument (Shimadzu Corp., Kyoto, Ja-
pan) with positive ion reflectron mode. A nitrogen laser
(337 nm wavelength, 4 ns pulse length; Spectra-Physics,
Meguro, Tokyo, Japan) was used to irradiate the sample
for desorption and ionization. The laser beam was
focused to a spot of 100 to 200 m in diameter on the
target. The ISD mass spectra were obtained with higher
laser fluence than the threshold fluence for [M  H]
ion detection, although the appropriate fluence for ISD
fragment formation strongly depend upon matrix used.
Assuming the spot diameter 100 or 200 m, the appro-
priate laser fluences (J/m2) for the ISD (and the thresh-
old) were about 764 (484) or 191 (121) for 1,5-DAN, 1210
(892) or 303 (223) for 2,5-DHB, and 6497 (3567) or 1624
(892) for 5-ASA. The acceleration potential was set to 20
kV using a gridless-type electrode. The delayed time for
ion extraction was 238 ns. The analyte peptide was
dissolved in water at a concentration of 10 pmol/L.
Then 5 L of analyte solution was mixed with 5 L of
saturated matrix of 0.1% TFA in water/acetonitrile (1:1
vol/vol). A 1 L of sample solution was deposited onto
a MALDI sample plate and the solvents were removed
by drying in air at room-temperature. Mass spectra
were acquired by accumulating 100 laser shots.
Results and Discussion
ISD Spectra of Peptides with 5-ASA, 2,5-DHB,
and 1,5-DAN
Figure 1 shows the comparison of positive-ion MALDI-
ISD spectra of ACTH18-35 obtained with three different
18-35 (Mr 1979.1) obtained with (a) 1,5-DAN,
the partial mass spectra in the range of m/zACTH
sent
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of the mass spectra was represented by the voltage
corresponding to ion abundance. The voltages of pro-
tonated molecules [M  H] as the base peak obtained
with the appropriate laser fluences for 5-ASA (51.0
J/pulse), 2,5-DHB (9.5 J/pulse), and 1,5-DAN (6.0
J/pulse) were 1439, 1719, and 1528 mV, respectively.
All the spectra show c-series ions originating from
cleavage at the N–C bond on the peptide backbone.
The use of 5-ASA and 2,5-DHB produced ions (mo-
noisotopic mass) from c3 (m/z 370) to c17 (m/z 1830)
with the exception of the c6 ion corresponding to
cleavage at Tyr5-Pro6, while the c3 and c4 (m/z 498) ions
are not observed in 1,5-DAN due to interference from
the matrix ions such as at m/z 158 (M.), m/z 314 (2M 
2H)., m/z 467 (3M  7H). and m/z 624 (4M  8H).
(Figure 1a). The production of excessively high matrix
cluster background ions in 1,5-DAN has been pointed
out by Soltwisch et al. [20]. The use of 5-ASA and
1,5-DAN did not produce any multiply-protonated
molecules such as [M  2H]2 at m/z 989, whereas
2,5-DHB gave an abundant peak corresponding to the
doubly-protonated molecule (Figure 1b). Furthermore,
the use of 5-ASA and 1,5-DAN resulted in a much lower
level of metastable peaks than was observed in the ISD
spectrum with 2,5-DHB (the inset of Figure 1b). The
outstanding characteristics of the ISD spectrum ob-
tained with 5-ASA compared with other matrices were
the high quality separation of isotope peaks of the
molecular and fragment ions, as shown in Figure 2. The
peak broadening and the high degree metastable decay
originate from the kinetic energy dispersion and the
contents of internal energy in the molecules vibra-
tionally excited, respectively. The internal energy con-
tent can often be explained from the standpoint of the
criterion of “hot” or “cool” [21, 22]. Fewer metastable
Figure 2. Partial MALDI-ISD spectra of AC
(b) 2,5-DHB, and (c) 5-ASA.peaks with the use of 5-ASA indicate that the chemical
5-ASA can be classified as a more “cool” matrix, as well
as 1,5-DAN than 2,5-DHB. The sharpness in the isotope
peaks of the resulting molecular and fragment ions in
the ISD spectra of peptides with 5-ASA was maintained
even at higher laser fluences which are suitable for the
appearance of ISD ion peaks over the threshold fluence
for [M  H] ion detection.
The use of 5-ASA resulted in improved ISD spectra
of phosphorylated peptides than those observed with
2,5-DHB and 1,5-DAN. The comparisons of positive-ion
ISD spectra of mono-phosphorylated peptide [pTyr6]-
ACTH18-35 and di-phosphorylated peptide [pTyr6,
pSer14]-ACTH18-35 obtained with three matrices are
shown in Figures 3 and 4, respectively. The ISD spectra
of these peptides obtained with 5-ASA showed c-series
ions from c3 to c17 except for the c6 ion corresponding
to the pTyr6-Pro7 bond cleavage. In contrast, several
c-ions in the ISD spectra with 2,5-DHB and 1,5-DAN
were interfered with by peak broadening, matrix clus-
ters and/or metastable peaks. The peak sharpness was
observed in the [M  H] ions of the ISD spectra of
mono-phosphorylated peptide with 5-ASA (right hand
side in Figure 3). The ISD spectrum of [pTyr6, pSer14]-
ACTH18-35 with 1,5-DAN did not show any useful
fragment ions (Figure 4a). It is noteworthy that the loss
or degradation of phosphoric group(s) in the phosphor-
ylated peptides did not occur in the MALDI-ISD pro-
cesses, although the ISD spectra with 5-ASA slightly
showed the peaks of [M  H  80] corresponding the
[M  H  PO3H]
 (Figure 3c and Figure 4c). The c-,
(z  2)-, and y-series ions observed in the MALDI-ISD
spectra of all the peptides with 5-ASA are summarized
in Table 1. The observation of c-series ions at low mass
regions was often difficult due to the interference from
peaks of matrix cluster ions.
-35 (Mr 1979.1) obtained with (a) 1,5-DAN,TH18
tona
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Except for the N–C Bond Cleavage
Appropriate fragment ions in mass spectra are gener-
ally very useful for elucidation of the structure of
analytes. The MALDI-ISD spectra of peptides also show
informative fragments such as a-, b-, and y-series ions,
as well as c- and (z  2)-series ions originating from
N–C bond cleavage [23], although resulting ISD spec-
tra often show broadened peaks even when a delayed
Figure 3. Positive-ion MALDI-ISD spectra of m
2059.1) obtained with (a) 1,5-DAN, (b) 2,5-DHB
The right hand inset represents the peaks of pro
Figure 4. Positive-ion MALDI-ISD spectra of d
(Mr 2139.1) obtained with (a) 1,5-DAN, (b) 2,5
metastable peaks and matrix peaks, respectively.extraction device and reflectron TOF are used [24].
Using 5-ASA, the fragment ions could be clearly as-
signed due to the sharpness of the peaks and decreased
interference peaks in the MALDI-ISD spectra.
The fragment ions [M  H  15] and [M  H 
44] were clearly observed in the ISD spectra of pep-
tides as shown in Figure 2. These fragments might have
originated from the loss of a neutral NH from the
N-terminal amino group and the loss of a neutral CO2
from the C-terminal carboxyl group, respectively. The
hosphorylated peptide [pTyr6]-ACTH18-35 (Mr
(c) 5-ASA. Asterisk indicates metastable peaks.
ted molecule [M  H].
sphorylated peptide [pTyr6, pSer14]-ACTH18-35
, and (c) 5-ASA. Asterisk and dagger indicateono-p
, andi-pho
-DHB
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group is supported by the fact that the fragment ion
[M  H  15] was not observed in the ISD spectra of
peptides containing an N-terminal Pro residue, i.e.,
ACTH19-36 and [Arg36]-ACTH19-36 (data not shown).
Furthermore, the peptide containing both N- and C-
terminal Pro residues, ACTH19-36, showed fragments
corresponding to [M  H  28] and [M  H  44]
(data not shown). The fragment [M  H  28] may
have originated from the loss of CO from the C-terminal
carboxyl group bound to the Pro residue. The formation
of these fragment ions described above is illustrated in
Schemes 2 and 3.
The ISD spectra of peptides obtained with 2,5-DHB
and 5-ASA showed [c  45], [c  43], and [c  15],
as shown in the MALDI-ISD spectrum of [pTyr6,
pSer14]-ACTH18-35 (Figure 5a and b), while the ISD
spectra with 1,5-DAN did not show such fragment ions
(Figure 1a). The ion of [c  15] might be assigned as
the loss of NH from the N-terminal amino group, as
described above. On the other hand, the ions of [c 
45] and [c  43] are likely to correspond to a- and
(a  2)-series ions, respectively. The peak abundance of
a- and (a  2)-series ions seems to be dependent upon
the amino acid residues. The peak abundance of a- and
(a  2)-series ions for several amino acid residues of the
peptide [pTyr6, pSer14]-ACTH18-35 are shown in Figure
5c. In the spectra in Figure 5c, the (a  2)-series ions
Table 1. Observed c-, (z  2)-, and y-series ions in the MALDI-
numbers represent the cleavage sites
Peptide Obser
c 3 4 5 7
ACTH18-35: R P V K V Y P
c 4 5 7
[pTyr6]-ACTH18-35: R P V K V pY P
c 4 5 7
[pTyr6, pSer14]-
ACTH18-35:
R P V K V pY P
c 5 7
[Arg36]-ACTH18-36: R P V K V Y P
c
ACTH19-36: P V K V Y P N
c
[Arg36]-ACTH19-36: P V K V Y P N
z2 15 14 12
y 15 14 13 12
c 5 6 7
[Arg22]-ACTH22-39: R Y P N G A ESchemewere observed independent of amino acid residues.
However, the abundance of the a-series ion relative to
that of the corresponding (a  2)-series ion seems to be
dependent on the amino acid residues. The a9 ion was
not observed in the C–C bond cleavage at the Gly9
residue (G9 of Figure 5c). The lack of a-series ion at the
Gly residue can be seen in the MALDI-ISD spectra
reported previously [13, 16, 23]. A structural character-
istic of Gly residues compared to other amino-acids is
the lack of a -carbon (C). From this, two possible
fragmentation pathways (I and II) with hydrogen trans-
fer from the -carbon to form the a-series ions can be
proposed as shown in Scheme 4. To ascertain the most
probable pathway for the formation of the a-series ions,
a C deuterium labeled dodecapeptide with Ala(d3)
was used in MALDI-ISD experiments [13]. The MALDI-
ISD spectrum of the deuterium labeled peptide showed
fragment ions at m/z 802 and 847 corresponding to a7
and c7 ions, respectively (data not shown). The result-
ing mass difference of 45 Da, between the a7 and c7
ions, suggests that a-series ions are caused by pathway
II in Scheme 5. The formation of the (a  2)-series ions
can be explained due to cleavage with hydrogen trans-
fer at the C–C bond (Scheme 5). Furthermore, the
abundance of a-series ions results from the fact that
cleavage at the Glu residue is higher than for other
amino acid residues (E11 and D12 of Figure 5c). This
fragmentation characteristic is useful in practical terms
pectra obtained with 5-ASA matrix. The assigned positional
-, (z  2)-, and y-series ions
8 9 10 11 12 13 14 15 16 17
G A E D E S A E A F
8 9 10 11 12 13 14 15 16 17
G A E D E S A E A F
8 9 10 11 12 13 14 15 16 14
G A E D E pS A E A F
8 9 10 11 12 13 14 15 16 17 18
G A E D E S A E A F R
8 9 10 11 12 13 14 15 16
A E D E S A E A F P
10 11 12 13 14 15 16
A E D E S A E A F R
1 10 9 8 7
1 10 9 8 7
8 9 10 11 12 13 15 16 17
E S A E A F P L E FISD s
ved c
N
N
N
N
G
G
1
12
heme
985J Am Soc Mass Spectrom 2010, 21, 979–988 MALDI-ISD USING 5-AMINOSALICYLIC ACIDfor confirming the presence and site of Glu residues in
analyte peptides. The loss of 45 Da from c-series ions
from the Glu residue may be due to the loss of the
carboxyl group from the side chain of the Glu residue.
It has been reported that the fragment ions originated
Sc
Figure 5. Partial MALDI-ISD spectra of di-pho
2139.1) obtained with (a) 2,5-DHB and (b) 5-AS
observed in the MALDI-ISD spectrum with 5-AS
at the C–C bond at the C-terminal side of N8, G9, Afrom the C–C bond cleavage, type III ions named by
Soltwisch et al., decrease in abundance with increasing
collisional cooling gas pressure and increase with in-
creasing laser fluence [20]. This suggests that the for-
mation of type III ions strongly depends on internal
3
rylated peptide [pTyr6, pSer14]-ACTH18-35 (Mr
c) The abundance of a- and (a  2)-series ions
he a- and (a  2)-series ions formed by cleavagespho
A. (
A. T10, E11, D12, and E11 residues.
heme
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MALDI conditions, although Soltwisch et al. have de-
scribed that type III ions may be produced by a combi-
nation of b-type and c-type ion formation [20]. The
mechanism(s) and relationships of the cleavages at
C–C, C–N, and N–C bonds on the peptide backbone
in MALDI-ISD will be reported in the future.
5-ASA in MALDI-ISD
We investigated the ISD properties of the matrices
5-ASA, 2,5-DHB, 1,5-DAN, SA, and CHCA. The prop-
erties were measured by using the ratio of the peak
abundance of the reduced ion [M 2HH] to that of
the non-reduced ion [M  H] of the peptide [Arg8]-
vasopressin, which contains a disulfide bond (S–S)
between Cys1 and Cys6. The inset in Figure 6 shows the
MALDI mass spectrum of [Arg8]-vasopressin obtained
with 5-ASA. The spectrum shows an abundant peak
corresponding to the reduced ion [M 2HH] atm/z
1086.6. Interestingly, the spectrum does not show any
fragment ions originating from ISD, while it was reported
that the MALDI mass spectrum of [Arg8]-vasopressin
reduced with dithiothreitol showed mainly y- and (z 
2)-series ions [25]. This suggests that the ISD process
involving hydrogen transfer occurs as a single event in
the ion source, i.e., a reductive reaction at the S–S bond
or cleavage reaction at the N–C bond. The single event
characteristic in MALDI-ISD is advantageous for spe-
cific cleavage on the peptide backbone, and the subse-
quent sequence analysis is very easy to perform.
The hydrogen-donating ability estimated from the
ratio of peak abundance of reduced ion [M  2H 
ScSchemeH] to that of non-reduced ion [M  H] of [Arg8]-
vasopressin is shown in Figure 6. CHCA was used as a
control because CHCA does not show any reductive or
ISD reactions. Although Katta et al. have successfully
obtained continuous c-series ions in the MALDI-ISD of
proteins such as r-metHuLeptin (Mr 16,155.6) and
r-metHuGDNF (Mr 30,386) by using SA matrix [26], the
use of SA in the MALDI-ISD of [Arg8]-vasopressin did
not result in products such as c-series ions and reduc-
tive ions. The order of the ascertained hydrogen-
donating ability was 1,5-DAN5-ASA2,5-DHBSA
CHCA  0. Although the result indicates that 1,5-DAN
is the most suitable for MALDI-ISD, it should be noted
that 1,5-DAN causes contamination of the MALDI ion
source due to its sublimation properties. Furthermore,
1,5-DAN is a suspected carcinogen as are other amino-
naphthalenes [18]. In contrast, 5-ASA, novel at least in
MALDI terms, has been used in the therapy of inflam-
matory disease for over 50 y [27]. Thus, 5-ASA is more
highly recommended as a matrix suitable for MALDI-
ISD of peptides than 1,5-DAN.
Conclusions
MALDI-ISD has been recognized as a strategic method
for peptide and protein identification in proteomics [15,
18, 28]. The most significant feature of MALDI-ISD is
the specific cleavage of the N–C bond of the peptide
backbone without degradation or loss of side chains
and PTM functional groups. Furthermore, a remarkable
feature of MALDI-ISD is the use of hydrogen atoms to
form peptide/protein radicals that enable ready and
rapid cleavage of the N–C bond. To improve MALDI-
45
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has high hydrogen-donating ability and effective hy-
drogen transfer to the backbone carbonyl oxygen is an
important issue. Furthermore, it is also preferable to
look for less toxic chemicals.
The chemical 5-ASA as a matrix introduced here for
MALDI-ISD of peptides demonstrates several notable
properties compared with conventional matrices such
as 2,5-DHB and 1,5-DAN: (1) fewer interference peaks
such as those from multiply protonated molecules and
metastable peaks, (2) sharpness in the separation of
isotope peaks of molecular and ISD fragment ions, and
(3) less toxicity. In particular, the application of 5-ASA
to mono- and di-phosphorylated peptides gave ISD
spectra showing c-series ions without any degradation
or loss of phosphoric groups and without peak broad-
ening over a wide range of m/z including molecular
ions. Furthermore, the MALDI-ISD spectra obtained
with 5-ASA showed informative fragment ions for
sequence analysis, such as [M  H  NH], [M  H 
CO], [M  H  COO], [c  45], and [c  43]. The
fragments [M  H  NH] and [M  H  CO] were
useful for confirming the presence or absence of a Pro
residue at the N- and C-terminus, respectively. The
fragment ion [c  45] corresponding to a-series ion
originating from cleavage at the C–C bond was not
observed at Gly as this residue lacks a -carbon, instead
only the fragment [c  43] was observed. In contrast,
the peak abundance of the fragment ion [c  45] was
higher than that of [c  45] in the C–C bond cleavage
at the Glu residue. Consequently, the fragment ions [c
45] and [c  43] were useful for confirming the
presence or absence of Gly and Glu residues in the
analyte peptides. The use of 5-ASA in the MALDI-ISD
of peptides including mono- and di-phosphorylated
peptides produced useful fragment ions without peak
broadening or any interference peaks such as metasta-
ble peaks and multiply protonated molecules. Further-
Figure 6. Diagram of reductive ability onto [Arg8]-vasopressin
(Mr 1084.2) containing a disulfide bond, S–S, for several MALDI
matrices. The inset indicates the MALDI mass spectrum of the
vasopressin obtained with 5-ASA.more, 5-ASA showed medium levels of reductive activ-ity producing cleavage of the S–S bond. Finally, the
chemical 5-ASA can be classified as a “reductive cool”
matrix suitable for the MALDI-ISD of peptides.
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